This study aims to clarify the effects of stress perception and related social indicators on three major musculoskeletal symptoms: low back, shoulder, and joint pains in a Japanese population. Twenty health-related variables (stress perception and 19 social indicators) and the three symptoms were obtained from the following Japanese national surveys: the Comprehensive Survey of Living Condition of the People on Health and Welfare, the System of Social and Demographic Statistics of Japan, and the Statistical Report on Health Administration Services. The results were compared among 46 Japanese prefectures in 1995 and 2001. By factor analysis, the 19 indicators were classified into three factors of urbanization, aging and life-regularity, and individualization. The prevalence of stress perception was significantly correlated to the 8 indicators of urbanization factor. Although simple correlation analysis revealed a significant relationship of stress perception only to shoulder pain (in both years) and low back pain (in 2001), the results of multiple regression analysis showed that stress perception and some urbanization factors were significantly associated with all the three symptoms in both years exclusive of joint pain in 1995. Taking the effects of urbanization into consideration, stress perception seems to be closely related to the complaints of musculoskeletal symptoms in Japan. social indicators; musculoskeletal pain; urbanization; stress.
phenomenon of somatization, regardless of the nature of the samples in human studies (Takemura et al 1999; Uslu et al. 2002) .
Low back, shoulder and joint pains are the three most common complaints among musculoskeletal symptoms in the Japanese people (Statistics and Information Department, Japanese Ministry of Health, Labour and Welfare 1995 and 2001) . Among occupational diseases in Japan the number of cases with low back pain and related musculoskeletal symptoms are far larger than other diseases (Kawashima 1997) , that the committee members of the Japanese Ministry of Health, Labour and Welfare have been struggling to clarify the causes for work-related musculoskeletal symptoms (Labour Standards Bureau 1997) .
Several studies of other countries clearly stated that low back pain was related to psychological stress in the workplace (Gonge et al. 2001; Linton 2001) . Another study reported that the increase in low back pain related to socioeconomic status indicators such as low levels of education and socio-economic status (Hagen et al. 2000) . It was also reported that the prevalence of shoulder pain was high in the adolescent population and associated with psychological distress (Cho et al. 2003) . Although the role of stress on joint pain remains uncertain, the prevalence of joint pain was reported to be increasing with the increase in the average age of the sample (Martin and Buckwalter 2002) . This line of evidence has suggested a relationship of the musculoskeletal symptoms to stress and social risk factors.
Thus, the aim of this study was to assess the association of the three major musculoskeletal symptoms with both stress perception to daily life and social indicators in the Japanese people, using the prefecture-based database of the most recent national surveys.
MATERIALS AND METHODS

Musculoskeletal symptoms
The study is based on the data from 47 Japanese prefectures obtained from the Comprehensive Survey of Living Condition of the People on The number of people with somatic symptoms has been dramatically increasing in Japan. According to the Comprehensive Survey of Living Condition of the People on Health and Welfare (Statistics and Information Department, Japanese Ministry of Health, Labour and Welfare 1995 and 2001) , the number of reported somatic symptoms rose from 33.6 to 40.5 million in recent 6 years. On the contrary, the number of patients utilizing medical services has been almost constant for more than 10 years (Watanabe 1999) . As a result, those who had symptoms but not receiving medical services have been increasing in the Japanese population. A regional difference may be one of important factors of the phenomenon. For example, a previous study of our group (Inoue et al. 2004) reported that there was a regional difference of distribution between orthopedists (medical services) and Judo therapists (alternative medicines) in Japan.
In general there are many causes of somatic symptoms, and clinicians often find it difficult to diagnose such symptoms as organic diseases (Escobar et al. 1998; Hartz et al. 2000; Nakao et al. 2001b) . At least 33% of somatic symptoms are medically unexplained, and these symptoms are chronic or recurrent in 20% to 25% of patients (Kroneke 2003) . In ICD-10 (The ICD-10 Classification of Mental and Behavioural Disorders 1993), these somatic symptoms from unknown origin are described as somatoform disorders. Skilled psychiatrists or psychological specialists are able to make such diagnoses, but the concept of somatoform disorders seems to be inadequate to explain the increasing gap between the somatic symptoms and clinic visits in Japan. Rather, the stress perception in daily life and subsequent psychological reactions may be attributable to the increased somatic symptoms. For example, our studies showed that somatic symptoms partly reflect the cognitive and affective aspects of depression not only in patient samples (Nakao et al. 2001b; Nakao et al. 2002) but also in nonpatient samples (Nakao and Yano 2003) . It is interesting to focus on psychological stress in the Health and Welfare in 1995 and 2001. These surveys are conducted every 3 years. In 1995, the total number of the Japanese population was 125.5 million, and 27.1 thousand families (corresponding to approximately 800 thousand persons) were selected randomly from 5.1 thousand stratified areas in Japan. They were asked to complete the questionnaires for the survey, and 91.0% of the questionnaires were collected directly by national enumerators. Through this process, the prevalence of major somatic symptoms was estimated in each prefecture. Among these symptoms, the three most common symptoms of the musculoskeletal systems were selected for analysis (Table 1) . Because of the Hanshin-Awaji earthquake in 1995, the data of Hyogo prefecture could not be obtained, and those in the remaining 46 prefectures were analysed in this study. To confirm the results in 1995, the data from the 46 prefectures in the same nation-wide intervention were analysed in 2001 as well. The total number of the Japanese population was 127.3 million, and 87.4% of the selected 27.6 thousand families (approximately 780 thousand persons) completed the questionnaires for the survey in 2001.
Stress perception and social indicators
In the Comprehensive Survey of Living Condition of the People on Health and Welfare, the subjects answered "yes" if they perceived any of the stressors or worried about something for the following 22 life-related categories including work, family, neighbourhood relations, as well as living-, social-, financial-, and health related situations. Thus "stress perception" was defined as the perception or worry of any stressors in one's life in the present study.
In addition to this stress indicator, 19 variables were selected as social indicators, which were mainly based on the previous Japanese studies (Araki et al. 1986a, b, c, d, and 1987; Yokoyama et al. 1999; Nakao and Takeuchi 2003) . 
Analysis
All the analysis were conducted for the representative values of each prefecture (n=46), using the SAS 8.01 statistical package (SAS Institute Inc. 1999). A p-value of less than 0.05 was considered statistically significant. First, simple correlation analysis were performed to evaluate the associations of stress perception with the prevalence of the three symptoms as well as with the 19 social indicators. The same simple 
RESULTS
Relationship between stress perception and musculoskeletal symptoms
Low back pain was the most prevalent among the three musculoskeletal symptoms (Table  1) . Shoulder pain had a significant correlation to stress perception in both years, and this correlation remained significant after the weighted analysis of population size in each prefecture. Low back pain was significantly correlated to stress perception only in 2001, and joint pain was not significant in both years (Table 1) .
Stress perception in Japan
The prevalence of stress perception in each Each figure corresponds to the order of stress perception in 47 prefectures, lowest stress (blank) represent first quartile of stress perception, lower stress (diagonal) represent second quartile, higher stress (mesh) represent third quartile, and the highest (grey) represent fourth quartile. Each closed circle represents the 14 government ordinance cities in Japan.
prefecture for 1995 is shown in Fig. 1 . Stress perception tended to be more prevalent around the prefectures with either of 13 governmental ordinance cities or special area (Tokyo 23 wards) in Japan. These cities or special area are considered to be the most urbanized areas, where there are more than 500 thousand population with the most important functions of economy and industry in Japan (Hirai et al. 2003) .
Relationship between stress perception and social indicators
Through the factor analysis of the data in 1995, the 19 social indicators were categorized into 3 factors ( Table 2 ). The Eigen values for the first, second and third factors were 8.03, 3.99 and 2.85, respectively. Cumulative proportion rates of the three factors were 78%. Factor 1 (named "urbanization") included 9 indicators (population density, less farming, availability of orthopedics, availability of acupuncture, higher education, welfare expenditure, availability of gyms, daily exercise and family income), meaning that people move into cities seeking non-farming jobs. Eight out of nine indicators, exclusive of welfare expenditures, had significant relations to stress. Factor 2 (named "aging and life-regularity") included five indicators (older people, lower natural population growth, regular dietary habit, female gender and adequate sleep), meaning that the community was comprised of relatively older people and they keep regular lives. Three out of five indicators, exclusive of natural growth and diet, had significant relations to stress. Factor 3 (named "individualization") included the remaining 5 indicators (persons per household, divorce, welfare, nuclear family and employment), meaning that the number of family members per household is small. Only one out of five indicators, persons per household, had significant relations to stress.
Factor analysis was also performed for the data of 2001. The Eigen values for the first, second and third factors were 7.70, 3.99 and 2.50, respectively. Cumulative proportion rates of the three factors were 75%. Every indicator was categorized into the same factors as shown in 1995.
Relationship between social indicators and musculoskeletal symptoms
The results of the stepwise regression analysis are shown in Table 3 . In 1995 stress perception was related to low back and shoulder pain, after controlling for the effects of the other indicators of the urbanization factor (e.g. less farming and higher education for shoulder pain) and those of the aging and life-regularity factor (e.g. natural population growth and female gender for low back pain). In 2001 stress perception was related to all three musculoskeletal symptoms through the same regression analysis.
DISCUSSION
Shoulder pain was related significantly to stress perception in the simple correlation analysis in both 1995 and 2001, and low back pain was significantly related to stress perception in 1995 as well. In the multiple regression analysis, the three musculosleletal symptoms were related significantly to stress perception in the both years, exclusive of joint pain in 1995. This stress perception was related to most of the urbanization factors in both years, and it was a significant contributing indicator that affected the three symptoms especially in shoulder pain. There was a possibility that people who lived in urbanized prefecture tended to feel stress more frequently compared to those living in the rural prefecture of Japan.
Because urbanization has many social aspects and cultural differences, it is difficult to define this phenomenon precisely. In the present study it was defined as the multi-factorial phenomenon of higher population density, lower farming, higher education, more income and expenditures, and easier access to medical-service facilities. Under this definition, stress perception had a significant relationship to the most of the factors of urbanization, suggesting that stress The values of population density and availabilities (orthopedics, acupunctures and gyms) are converted by logistic transformation (Araki 1986a; Nakao and Takeuchi 2003) . perception is closely linked to the urbanization of Japan and the urbanization factor is essential in the relationship between stress and musculoskeletal symptoms epidemiologically. Our recent studies suggested that anxious or depressed patients are likely to complain of a variety of somatic symptoms including low back and joint pains due to stress (Nakao et al. 2001a,b) and that the total number of reported somatic symptoms is a powerful predictor of functional impairment in physical, psychological and social functioning (Nakao et al. 2001c ). Although such stress-related symptoms are not emergent in most of the cases, they give us important clues on how to diagnose organic diseases at an early stage or suggest referral to a psychological specialists for the exclusion of psychiatric diseases. In other words, it is possible that those complaining of symptoms are suffering from stress. Clinically such complaints might be reduced by stress management and other relaxation techniques, resulting in the improvement of health.
In addition to indicators of the urbanization factor, several indicators of the other two factors also affected both stress perception and the musculoskeletal symptoms. The precise reasons for the associations of these factors could not be revealed in this study, but some older people might find it difficult to adapt to the Western lifestyle after the World War II.
The main limitation in this study was that the data for 2001 included some estimated data from the other years. Because the Comprehensive Survey of Living Condition of the People on Health and Welfare is performed every 3 years and the System of Social and Demographic Statistics of Japan is done every 5 years, the data of both surveys are obtainable every 15 years (1995 was an exactly matched year). Thus, the findings of the associations between stress perception and musculoskeletal symptoms in 2001 might better be used simply to confirm the results in 1995.
The second limitation was that musculoskeletal symptoms might have involved some disease-specific symptoms. Stress perception and illness behavior of patients with definite diseases are interesting and future study should tackle this point.
Third, some researchers may point out that the word of "stress" has various meanings and misclassification could have existed among the subjects. However, the word of "stress" has been already popular for most Japanese people and the same questionnaires were used in both 1995 and 2001. For more precise conclusion, a much clearer definition for stress should be applied in the future national survey.
The fourth limitation is a possible confounding bias. Because this is a prefecture-based study to grasp the overall tendency of stress and musculoskeletal symptoms in Japan, stratified data by gender or age were not used. It was impossible to exclude such confounding factors perfectly. Thus our conclusion of this study is that stress would predict musculoskeletal symptoms and that urbanization might be related to this phenomenon on the background, but there is a still possibility that unrevealed confounders themselves might represent the urbanization in Japan. Admitting that the present study was at the prefecture level, the possible effects of 'ecological fallacy' should also be firmly considered for the interpretation of the results. To overcome these limitations, further research will be advocated at the individual level in the national survey in the near future.
In spite of several limitations, this study has advantages compared with a variety of previous studies selecting subjects from a limited sample. National surveys including items of stress perception are rare as far as we know. In addition, the present study comprises data on important social indicators that have been previously shown to be useful in the assessment of musculoskeletal risk factors. Our findings have some important practical implications as well. Health staff should be aware of the close association between stress and musculoskeletal symptoms. Within the context of a thorough evaluation of the relation-ship between stress and such symptoms, the reporting of symptoms may be an important signal to consider for referring patients to the specialists for exclusion of psychiatric conditions or for stress management.
